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SECTION  I 


INTRODUCTION 

An  initial  analysis  verification  effort  has  been  completed,  utilizing  a 
simple  right  circular  cylinder  as  the  test  object.  A set  of  pretest  predic- 
tions was  made  for  this  object  based  on  the  expected  PIMBS  lA  photon  pulse 
characteristics,  using  strictly  analytical  tools,  i.e.,  QUICKE2  for  electron 
emission  and  the  ABORC  code  for  surface  current  responses.  The  object  was 
then  tested  in  the  actual  photon  environment  generated  by  the  PIMBS  lA  source, 
and  the  responses  measured.  The  reverse  electron  emission  yield  and  approxi- 
mate spectrum  for  the  surface  material  used  on  the  cylinder  were  also  measured 
in  a separate  e.xperiment,  using  a biased  X-ray  diode.  This  allows  any  disa- 
greement between  analysis  and  experimental  results  to  be  separated  into  emis- 
sion and  particle  motion  components.  Comparison  of  the  prediction  and  e.xperi- 
mental  responses  test  the  ability  of  the  codes  to  predict  the  response  of  this 
very  simple  geometry  in  a low  fluence  (nonspace-charge- 1 imited) , low-frequency 
(nonresonant)  regime.  This  is  a very  low  stress  test  of  the  tools,  particularly 
ABORC. 

The  experiment  was  performed  in  a vacuum  environment  using  a 4-meter  di- 
ameter, 6-meter  long  tank.  The  walls  of  this  tank  form  the  outer  boundary  for 
the  analytical  predictions.  The  body  is  dc  isolated  from  the  vacuum  tank. 

The  results  of  this  effort  are  reported  in  the  following  pages.  The  pre- 
test predictions  are  presented  first.  Then  the  e.xperiment  is  described  and 
the  experimental  results  presented.  Comparisons  of  the  analytical  and  experi- 
mental results  are  made  and  conclusions  drawn  from  these  comparisons. 
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PRETEST  PREDICTIONS 


The  experiment  setup  analyied  consisted  of  a 90-cm  diameter  by  90-cm  high 

right  circular  cylinder,  irradiated  end  on,  with  a source-to-obj ect  spacing  of 

1.4-m.  The  axis  of  the  cylinder  coincided  with  the  axis  of  the  vacuum  tank  so 

that,  except  for  minor  disturbances,  the  experimental  configuration  was  axisym- 

metric  and  therefore  amenable  to  accurate  solution  with  the  two-dimensional 

system  generated  electromagnetic  pulse  (2D  SGEMP)  codes.  All  surfaces  were 

plated  with  60  percent  tin,  40  percent  lead  solder  composition  by  weight. 

Pretest  predictions  of  the  cylinder  response  were  made  using  the  ABORC 

computer  code  for  particle  pushing  and  QUICKE2  for  emission  calculations.  The 

emission  calculations  with  a 1/2-mil  aluminum  filter  are  shown  in  Figure  1. 

The  reverse  emission  level  is  2 x 10  ^ coulomb  per  cal  from  the  tin  lead  solder 

that  coats  the  cylinder.  For  the  expected  55-nsec  wide  PIMBS  pulse  and  'vl.4  x 
-5  2 

10  cal/cm“  predicted  fluence  with  a 1/2-mil  aluminum  filter,  the  emission 

2 

current  density  is  5.1  A/m  , and  the  current  emitted  from  the  cylinder  is  3.5 
amps  total. 

The  ABORC  predictions  for  the  cylinder  in  the  tank  are  shown  in  Figures 
2 and  3 for  a slightly  higher  emission  current  of  5.5  amps.  Three  sets  of  pre- 
dictions are  actually  shown  in  these  two  figures.  Figure  2 shows  the  predicted 
body  currents  for  the  case  of  the  1/2-mil  aluminum  filter  over  the  source  and 
for  the  case  of  a high-transparency  screen  filter  over  the  source.  The  latter 

filter  allows  more  bf  the  low-energy  photons  to  shine  through,  with  a result- 

2 

ant  higher  emission  current  density  (7.9  A/m  ).  The  purpose  of  running  both 
cases  was  to  determine  just  how  much  body  response  was  lost  by  going  to  the 
solid  filter  rather  than  the  screen.  The  results  shown  in  Figure  2 are  for 
emission  from  the  body  only.  In  Figure  3,  emission  from  the  tank  walls  has 
been  included  to  determine  the  effect  on  body  response  of  these  electrons. 

These  latter  calculations  divided  the  tank  side  walls  into  6 different  emission 
zones  to  accurately  account  for  different  fluence  levels  and  photon  arrival 
times.  Including  tank  emissi(m  results  in  an  approximately  10  to  20  percent 
increase  in  the  cylinder  surface  H fields. 

The  results  of  the  ABORC  predictions  are  summariced  in  Table  1 in  terms  of 
peak  H fields  and  the  e.xpected  signal  in  the  CML  6 B probes.  The  B signals 
were  estimated  by  several  different  methods,  which  gave  a maximum  spread  of 
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Figure  1.  Reverse  emission  of  75"kV  bremsst rah  1 ung  for  PIMBS  lA 
through  1/2-mil  aluminum  foi 1--(TUI CKE2  predictions 


igure  3-  ABORC 


about  ±10  percent  from  the  values  shown.  The  values  in  Table  1 were  obtained 
from: 


V = B = u 


(0.5H)  A 


where 

U = free  space  permeability 
H = the  peak  predicted  H-field 
A = 0.005  m“  for  CML  6A 
tj,  = the  risetime  to  half  peak 

The  formulation  was  used  because  it  gave  the  best  average  value  of  the  various 
methods  tried.  The  predicted  probe  signals  do  not  follow  exactly  the  predicted 
variation  in  H-fields  at  the  various  probe  locations  because  of  small  variations 
in  predicted  rise  time. 


Table-1 

PREDICTED  H-FIELDS 


Location 

Solid  Aluminum  Filter 

Screen  Filter 

With  Tank 

Emission 

No  Tank  Emission 

— 

H (A/m) 

V|  (mV) 

H (A/m) 

(mV) 

H (A/m) 

P2 

0.80 

90 

0.72 

78 

0.92 

5 

0.84 

85 

0.75 

79 

0.95 

4 

0.67 

75 

0 . 56 

68 

O."! 

5 

0.36 

38 

0.31 

59 

0.59 

6 

0. 12 

11 

0. 10 

10 

0. 12 

- 

0.67 

75 

0 . 56 

68 

0.71 

8 

0.67 

75 

0.56 

i 

68 

i 

0."1 

0 
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SECTION  II 


PIMBS  CYLINDER  EXPERIMENT 


EXPERIMENT  DESCRIPTION 

The  experiment  setup  consisted  of  a 90-cm  diameter  by  90-cm  high  right 
circular  cylinder,  irradiated  end  on,  with  a source-to-obj ect  spacing  of  1.4-m. 
The  axis  of  the  cylinder  coincided  with  the  axis  of  the  vacuum  tank  so  that, 
except  for  minor  disturbances,  the  experimental  configuration  was  axisymmetric 
and  therefore  amenable  to  accurate  solution  with  the  2D  SGEMP  codes.  The  ob- 
ject was  suspended  by  means  of  nylon  lines,  as  shown  if  Figure  4^  All  sur- 
faces were  plated  with  60  percent  tin,  40  percent  lead  solder  composi^^ion  by 
weight . 

Instrumentation  consisted  initially  of  eight  CML-6  B probes  placed  as 
shown  in  Figure  4b.  The  probe  at  location  PS  was  damaged  before  any  data  were 
taken,  and  the  probe  was  removed.  Data  were  transmitted  through  three 
microwave  data  links,  which  allowed  the  object  to  be  electrically  isolated 
from  the  vacuum  tank.  One  of  the  links  (.channel  2)  had  a b-position  switch  at 
its  input  so  that  any  one  of  six  probes  could  be  switched  (by  using  a dielec- 
tric rod)  to  that  channel.  The  other  links  were  connected  directly  to  a probe 
(channel  2 to  P2)  or  to  terminated  cables  (channel  1),  as  shown  schematically 
in  Figure  4c.  Attenuators  were  selected  and  placed  in  channels  2 and  5 so 
that  the  input  to  the  microwave  systems  were  in  the  system  linear  range  (t2b 
mV  maximum)  for  predicted  signals.  The  chosen  attenuators  were  5.16  for  chan- 
nel 2 and  10  for  channel  3.  In  addition,  the  input  balun  provided  a factor  of 
2 attenuation  in  all  channels.  The  transmitter/ recei'er  units  (TRU)  provided 
a gain  of  20,  so  that  final  scale  factors  are  0.1,  0.31b,  and  1.0  of  scope 
deflection  for  channels  1,  2,  and  5,  respectively. 


DIELECTRIC  4/AVEGUIDE  (DWG) 
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screenroom  and  scopes 


a.  General  Setup,  Side  View 


TR  UNITS 


c.  Schematic  of  Instrumentation 


Figure  L. 


Initial  test  object  experiments 


An  enlarged  top  view  of  the  tank  and  object  geometry  is  shown  in  Figure 
5.  An  overview  of  the  tank,  screen  box,  and  screenroom  geometry  is  shown  in 
Figure  6. 

The  initial  photon  exposure  series,  after  one  day  of  setup  and  two  days 
of  noise  reduction,  were  made  with  one  additional  modification.  P4  was  direct- 
wired  to  a scope  through  a pair  of  semirigid  coax  cables,  as  shown  in  Figure 
5,  so  that  the  body  was  not  isolated  from  the  tank.  The  second  series  was 
made  with  P4  connected  back  through  the  switch  so  that  these  cables  were  re- 
moved and  the  body  was  electrically  isolated.  The  final  series  was  a repeat 
of  the  second  series,  with  a collimator  over  the  source  to  reduce  emission 
from  the  wall  of  the  tank  by  shadowing  the  wall  as  much  as  possible. 

Two  problems  with  the  instrumentation  were  encountered  during  this  experi- 
ment series.  First,  one  of  the  B probes  (PS)  was  damaged  during  the  initial 
installation  (the  connector  turned,  twisting  off  the  internal  connection)  and 
later  P5  ceased  to  give  reasonable  data  (this  may  be  either  the  probe  or  the 
switch).  Second,  and  more  troublesome,  was  gain  drift  and  poor  battery  life 
in  the  microwave  data  links.  The  battery  life  problem  is  now  believed  to  be 
due  to  incorrect  charging  procedure  and  should  be  easily  solved.  The  gain 
problem  has  since  been  worked  on  by  EG5G;  but  for  this  e.xperiment,  the  results 
have  about  15  percent  uncertainty  due  to  this  drift.  As  an  example  of  the 
gain  problem,  prior  to  the  first  data  series,,  the  links  were  calibrated  (by 
their  designer,  Don  Trone)  to  have  a gain  of  20.  After  the  test  series  and 
after  replacing  the  batteries,  two  of  the  systems  had  nominal  gains  of  20, 
but  channel  3 (P2)  had  a gain  of  40.  Channel  3 was  again  set  to  20,  and  after 
the  next  two  test  series,  a calibration  showed  that  the  gain  had  changed  to 
17.4  on  channel  1 and  22.6  on  channel  3,  a 13  percent  change.  Gain  drift 
during  vacuum  conditions,  when  calibration  was  impossible,  was  also  indicated 
by  drift  of  the  RF  power  level  meter  on  the  TRU. 

EXPERIMENTAL  RESULTS 

The  results  obtained  are  shown  in  Figures  7 through  9.  The  correct  scone 
deflection  factors,  taking  into  account  the  nominal  end-to-end  microwave  system 
gains,  are  shown  for  each  data  photo.  These  data  are  summarised  in  Table  2, 
along  with  PI.N  diode  data.  The  field  data  are  presented  in  two  formats: 


gure  5.  Top  view  of  0.9  m cylinder  in  m tank 


VACUUM  SYSTCM 


Figure  ].  Measured  B signals  v/ilh  no  collimator,  body 
grounded  through  instrumentation  cables 


5.8  mV/di V 50  nsec/div  31.6mV/div  50  nsec/div 


(1)  the  first  peak  signal  value  (in  raV  out  of  the  B probe,  i.e.,  all  scale 
factors  have  been  accounted  for),  and  (2)  the  peak  magnetic  field.  The  latter 
were  obtained  by  graphically  integrating  the  first  peak  of  each  waveform, 
using  a planimeter.  These  data  are  qualitatively  correct,  though  a better 
data  set  needs  to  be  taken  on  this  configuration  with  reduced  noise  and  more 
stable  microwave  system  gains.  In  particular,  the  data  for  the  grounded  body 
are  suspect, as  the  batteries  were  dying  during  the  latter  half  of  the  series. 
Considerable  difficulty  was  also  encountered  in  integrating  the  B data  because 
of  the  large  scope  deflection  factors,  which  resulted  in  very  small  areas  under 
the  curves.  In  all  cases,  the  planimeter  integration  was  checked  by  assuming 
a simple  triangular  shape  for  each  half  of  the  derivative  waveform  and  calcu- 
lating the  appro-ximate  area. 

The  PIN  data  show  the  repeatability  of  each  shot  from  the  PIMBS  lA  pulser, 
an  important  consideration,  since  obtaining  a complete  set  of  data  required 
several  shots.  A typical  PIN  response  is  shown  in  Figure  10a. 

The  B data  show  considerable  noise  still  remaining  even  after  placing  an 
electromagnetic  shield  of  1/2  mil  of  aluminum  over  the  PIMBS  converter  and 
wrapping  the  pulser  itself  with  metal  window  screen.  One  channel  of  the  micro- 
wave  system  was  used  as  a background  measurement.  A photo  of  the  response  of 
this  channel  is  shown  in  Figure  10b.  This  channel  would  measure  noise  leakage 
from  any  possible  source  e.xcept  that  coupled  directly  to  a B probe, since  lack 
of  a B probe  was  the  only  difference  between  this  channel  and  the  active  chan- 
nels. The  background  channel  shows  a peak-to-peak  noise  of  the  order  of  only 
1 mV  or  so  compared  to  'v  50  mV  of  noise  at  late  times  in  the  B data.  Thus,  it 
is  concluded  that  the  noise  in  the  B data  is  due  to  noise  actually  existing  in 
the  tank,  probably  due  to  leakage  through  the  instrumentation  ports.  For  this 
experiment,  this  noise  was  delayed  sufficiently  so  that  good  data  were  obtained 
in  spite  of  the  noise. 

The  results  obtained  are  reasonable  for  this  experimental  configuration. 
Probe  PI  should  have  a very  small  (near  :ero)  response,  since  it  is  located 
nominally  in  the  center  of  the  emitting  surface.  Probes  P2  and  P5  should 
have  comparable  responses,  with  P2  being  slightly  smaller;  then  the  responses 
of  P4  through  P6  should  fall  off  from  the  P3  response.  Probe  P7  should  have 
the  same  response  as  P4,  since  the  experiment  is  basically  s>Tnmetric.  Thus, 
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Figure  iOa.  Typical  PIN  response 


Figure  10b.  Noise  measurement  on  instrumentation  system  background 
channel 

the  relative  responses  measured  are  reasonable.  From  the  standpoint  of 
absolute  amplitude,  the  approximate  field  at  P3  can  be  calculated  from: 

(0-8  A/m^)  (0.636  m“) 

u _ _ L ■ 4 

2tt  r ■ (0.45) 

=0.44  A/m 

where  0.8  A/m"  is  the  measured  emission  current  density  for  the  biased 
diode  at  0 bias,  0.636  m"  is  the  area  of  the  emitting  face  of  the  object 
and  the  (2. 2/1. 4) ‘ factor  accounts  for  the  difference  in  location  of  the 
object  and  the  biased  diode  (which  was  2.2  m from  the  source).  The 
integrated  B response  of  P3  is  about  20  percent  lower  than  the  H field 
estimated  by  this  simple  calculation. 


SECTION  III 


PREDICTION-EXPERIMENT  COMPARISON 

The  ABORC  predictions  are  in  the  form  of  H fields,  while  the  experimental 
results  are  in  the  form  of  B measurements;  therefore,  direct  comparisons  are 
not  possible.  The  small  size  of  the  measured  B responses  makes  integration  to 
obtain  H fields  difficult,  especially  with  the  planimeter  technique  previously 
used  to  obtain  the  results  shown  in  Table  2.  The  measured  data  for  point  P2, 
near  the  top  edge  of  the  cylinder,  for  the  configuration  without  a collimator, 
which  is  the  most  symmetric  and  which  can  therefore  be  most  accurately  modeled 
with  .ABORC,  has  been  carefully  digitized  at  10  nsec  intervals  and  integrated 
to  obtain  the  results  shown  in  Figure  11.  .Note  that  the  integrated  B signals 
should  be  proportional  to  the  magnetic  flux  linking  the  sensors  at  time  t,  which 
should  approach  zero  for  large  times.  The  accuracy  of  these  integrations  is 
suggested  by  the  residual  errors,  which  are  shown  at  the  250  nsec  time  for  each 
probe  location.  All  of  the  larger  signals  had  cummulative  errors  of  11  percent 
or  less  except  for  P7,  which  had  26 'percent.  Probe  P6,  which  is  a small  signal, 
had  a cummulative  error  of  about  50  percent.  The  error  band  for  the  peak  value 
of  each  of  these  is  expected  to  be  even  smaller,  since  the  failure  to  integrate 
back  to  zero  results  generally  from  the  late  time  noise,  which  made  digitization 
of  the  latter  portions  of  the  signals  more  uncertain.  The  peak  values,  10  to  90 
percent  risetimes,  and  pulse  widths  at  half  maximum  for  the  predicted  and  measured 
H fields  are  compared  in  Table  5,  along  with  the  ratio  of  predicted  and  measured 
peak  H fields.  There  is  a definite  pattern  to  this  ratio,  with  agreement  tending 
to  be  worse  on  the  emitting  surface  and  slowly  improving  toward  the  far  end  of 
the  object.  Stated  another  way,  the  predictions  tend  to  fall  off  more  rapidly 
than  the  measured  signals. 

The  predictions  are  higher  by  2.5  than  the  measured  fields,  and  the 

questions  naturally  arise  as  to  why  the  agreement  is  not  better.  The  most  likely 


1" 


reason  appears  to  be  possible  difference  between  the  emission  current  used 
in  the  ABORC  predictions  and  the  actual  emission  current.  In  fact,  there  is 
even  considerable  room  for  discussion  about  just  what  the  actual  emission 


Table  2 

EXPERIMENTAL  RESULTS  FOR  CYLINDER 


Isolated  Body 

Grounded 

Body 

No  Collimator 

Collimator 

No  Collimator 

Voltage 

H* 

Voltage 

H* 

V^oltage 

H* 

Probe 

mV 

.A/m 

mV 

.A/m 

mV 

A/m 

PI 

6 

0.066^ 

5 

_ _ _ 

6 



P2 

42 

0.32 

40 

0.32 

40^ 

— 

P3 

54 

0.36 

50 

0.35 

54 

--- 

P4 

44 

0.26 

54 

0.23 

26 

— 

P5 

26 

0.20 

-- 

--- 

18 

... 

P6 

11 

0.10 

9 

0.050 

12 

— 

P7 

P8 

PIN 

33 

0.26 

48 

0.50 

48^ 

... 

4.4  to  4, 

j 

.6  units 

3.7  to  5 

4 

.9  units 

4.4  to  4.5 

units 

NOTES; 


* Obtained  by  planimeter  integration  of  B signals 

1 Sensor  failed,  no  data 

2 Except  for  one  shot  of  64  mV 

3 Data  doubtful.  This  probe  responds  to  ringing  currents  flowing  on 
the  hardwire.  Subsequent  peaks  reached  150  mV  and  ringing  persisted 
for  hundreds  of  nsec 

4 Lower  PIN  response  due  to  shadowing  by  collimator 
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current  should  be,  since  total  emission  from  the  body  itself  was  not  measured. 

The  measured  current  density  from  the  biased  diode  experiment  is  shown  in 

Figure  12  as  a function  of  grid  bias.  The  diode  was  at  2.2  m from  the  source, 

"^45  degrees  off  axis,  while  the  cylinder  was  at  1.4  m,  on  axis.  Taking  into 
•> 

account  the  l/r"^  cos  9 variation,  which  most  closely  approximates  the  results 
of  the  dosimeter  mapping  e.xperiment,  the  emission  current  density  at  the 
cylinder  surface  would  then  be  as  shown  in  Figure  13.  The  most  obvious  result 
from  this  calculation  is  that  the  current  emitted  from  the  object  is  at  most 
2.8  amps,  and  probably  less,  rather  than  the  3.5  amps  used  in  the  ABORC  pre- 
dictions. Thus,  the  predictions  are  high,  due  at  least  partially  to  using 
too  high  an  emission  current  in  the  predictions.  If  the  actual  emitted  cur- 
rent is  the  0 bias  current  of  1.8  A,  the  prediction  would  be  high  by  a factor 
of  2 as  a result,  and  this  would  e.xplain  most  of  the  difference  between  the 
predicted  and  measured  signals. 

There  is  an  independent  justification  for  this  lower  emission  current. 

On  a later  experiment,  with  a slightly  different  filter  over  the  source,  a 

TLD  stack  was  placed  41  inches  from  the  filter  and  measured  a fluence  of 
-5  ’ 

1.2  X 10  cal/cm“.  Scaling  the  fluence  to  the  actual  location  of  52 

inches  from  the  filter  (adding  about  2 inches  between  the  source  and  filter) 

results  in  a measured  fluence  of  7.6  x 10*^  cal/cm“  at  the  emitting  surface 

-5  2 

of  the  object,  rather  than  the  predicted  1.4  x 10  cal/cm  . For  the 
2 X 10  ^ coul/cal  emission  predicted  by  QUICKE2  and  a 55  nsec  pulse  width, 
the  body  emission  current  is  then  calculated  to  be 


r (7.6  X 10’^  cal/cm*")  (2  x 10'^  coul/cal) 

Ig  = g ^ (oj6U  cm  ) 

55  X 10  sec 


= 1.76  amperes, 

which  is  in  excellent  agreement  with  the  0 bias  diode  results  also  scaled 
to  the  object  location.  The  difference  in  filters  is  a high-transparency 
screen  plus  1/4  mil  of  mylar  for  the  TLD  measurement  instead  of  the  1/2 
mil  of  aluminum  used  for  the  cylinder  exposures.  This  would  have  only  a 
slight  effect  on  the  fluence  reaching  the  object;  therefore,  it  appears  that 
the  fluence  was  lower  than  expected  by  almost  a factor  of  2. 
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Measured  reverse  emission  current  density 
from  solder  as  a function  of  grid  bias 


The  issue  in  doubt  is  whether  the  emission  current  should  be  the  0 
bias  current,  the  forward  bias  current,  or  something  in  between.  Best 
agreement  between  predicted  and  measured  cylinder  responses  clearly  occurs 
for  the  0 bias  current  value,  and  one  is  tempted  to  simply  say  that  this 
justifies  using  this  current.  But  the  questions  of  why  the  diode  current 
continues  to  rise  as  forward  bias  is  applied  and  where  these  same  conditions 
are  operative  in  the  case  of  the  cylinder  keep  nagging  at  the  mind.  If  the 
source  of  the  increased  diode  current  with  forward  bias  is  low-energy 
electrons,  as  has  been  suggested,  it  is  probably  most  appropriate  to  leave 
them  out.  The  potential  of  the  cylinder  reaches  about  2 kV,  which  is 
certainly  sufficient  to  limit  such  low-energy  electrons.  Electrons  of 
energy  less  than  1 keV  are  also  not  included  in  any  of  the  .ABORC  predictions, 
since  the  electron  energy  spectrum  used  was  obtained  with  QUICKE2,  which 
does  not  predict  emission  below  1 kV.  This  is  a further  justification  for 
using  the  0 bias  current. 

Comparisons  of  predicted  and  measured  B signals  are  also  shown  in 
Table  4,  for  both  cases.  These  show  better  agreement  between  the  predic- 
tions and  e.xperiment  than  was  the  case  for  H-field  comparisons.  This  is 
partially  due  to  slightly  longer  predicted  rise  times  than  the  integrated 
B signals  indicate  actually  occurred,  which  results  in  lower  predicted  B. 
There  is  a weaker  pattern  to  the  disagreement  in  this  case,  with  a tendency 
toward  worse  agreement  at  the  emitting  surface  and  generally  improving 
toward  the  back  of  the  object. 

Predictions  with  and  without  electron  emission  from  the  tank  wall 
show  that  the  effect  is  a 10  to  20  percent  lower  cylinder  response  when  this 
emission  is  suppressed.  The  experimental  accuracy  is  barely  of  the  order 
of  20  percent,  but  the  response  does  tend  to  be  slightly  lower  with  the 
collimator  than  without.  However,  the  collimator  design  (dictated  by  the 
line  source)  is  such  that  the  top  and  bottom  walls  of  the  tank  will  be  well 
shadowed  but  the  sides  will  not  be.  This  is  evidenced  by  the  fact  that 
the  PI.\  response  is  from  4.4  to  4.6  divisions  for  a number  of  shots  without 
the  collimator  and  drops  to  only  5.T  to  5.9  divisions  with  the  collimator. 
That  is,  the  collimator  shades  only  a portion  of  the  source  area  from  the 
side  wall  where  the  PINs  are  located. 


Table  4 

COMPARISON  OF  MEASURED  AND  PREDICTED  PEAK  B 
i PROBE  SIGNALS 

I 

i 


Probe 

No  Collimator 
Pred/E.xp 

Collimator 

Pred/E.xp 

2 

2.14 

1.95 

3 

1.57 

1.58 

4 

1.66 

2.0 

5 

1.46 

--- 

6 

1.00 

1.11 

7 

1.92 

1.42 

Average 


1.65 


1.61 


r 


SECTION  IV 

SUMMARY  AND  CONCLUSIONS 

The  analytical  H-field  predictions  for  this  experiment  are  a factor 
of  2.5  higher  than  the  experimental  results,  with  an  uncertainty 

of  less  than  10  percent  in  the  integrated  B results.  The  emission  current 
used  in  the  predictions  (5.5  amps)  is  higher  by  a factor  of  1.25  than  the 
absolute  maximum  (forward  biased)  emission  current  which  can  be  estimated 
for  the  object,  based  on  the  biased  diode  experiment  results,  and  a factor 
of  2.0  higher  than  the  0 bias  emission  current.  Thus,  the  disagreement 
is  partially  explained  by  a discrepancy  between  the  actual  emission  current 
and  that  used  in  the  analysis.  The  0 bias  current  is  considered  most 
reasonable  for  reasons  discussed  in  the  comparisons,  and  it  is  concluded 
that  the  predictions  range  from  54  percent  high  at  the  emitting  surface  to 
12  percent  low  at  the  back  end  of  the  object.  The  experimental  accuracy  is 
believed  to  be  of  the  order  of  15  percent. 

One  obvious  problem  that  has  not  yet  been  resolved  is  the  proper 
characterization  of  the  emission  electron  spectrum  and  yield.  While  for 
a system- level  SGEMP  analysis  the  factor  of  2 uncertainty  estimated  here 
may  not  be  too  important  by  itself,  a few  such  factors  of  2 could  result 
in  an  expensive  and  unnecessary  hardening  approach. 

Careful  electron  emission  experiments  should  be  done  to  resolve  this 
issue.  The  authors  feel  that  prediction  accuracy  of  better  than  10  percent 
should  be  achievable  for  the  simple  geometry  treated  here,  if  the  emission 
is  accurately  characterized. 
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